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MINE SAFETY EVALUATION 
F OR 

PROJECT BULISON 

11 
By R.  L. Bolmer - 

- 
SUMMARY 

The mine s a f e t y  eva lua t ion  program f o r  P r o j e c t  Rul ison,  a s  
ca r r i ed  out by t h e  Bureau of  Mines on behalf  of t h e  Atomic Energy 
Commission, was designed t o  i d e n t i f y ,  eva lua t e ,  and e l imina t e  o r  
con t ro l  a l l  p o t e n t i a l  hazards t o  mining opera t ions  i n  t h e  genera l  
p ro j ec t  a rea  and t o  document the e f f e c t s  of t h e  nuclear  explosion 
on such opera t ions .  

An i n i t i a l  survey of t h e  general  a r e a  ou t  t o  50 miles  from the  
emplacement well  d isclosed some 24 ' coa l ,  o i l  s h a l e ,  l imestone,  and 
vanadium mines which would be  i n  a c t i v e  o r  standby s t a t u s  dur ing  
event time and thus  of concern i n  the  s a f e t y  eva lua t ion  program. 
Such mines were subsequently v i s i t e d ,  and the ope ra to r s  were b r i e f ed  
on the genera l  f e a t u r e s  of t he  p r o j e c t  and i t s  pred ic ted  e f f e c t s  on 
t h e i r  opera t ions .  Recommendations f o r  the  evacuation of t h e  mines 
during event t i m e  l a t e r  were formulated,  and pre- and pos t - shot  inspec- 
t i ons  eventua l ly  were made of s eve ra l  of t h e  c l o s e r  n ines  where s t ruc -  
t u r a l  damage was a  p o s s i b i l i t y .  Pre- and pos t - shot  photographs were 
taken of the most c r i t i c a l  a reas  i n  each mine inspec ted .  A l l  apparent  
damage t o  t h e  mine workings and f a c i l i t i e s  a1 s o  was photographed. 
Operators of most f r inge-area  mines n o t  inspec ted  were contacted sub- 
sequent t o  t h e  event  concerning p e r c e p t i b l e  ground motion and i t s  
' e f f ec t  i n  t h e i r  a r ees  . 

The post-shot  inspec t ions  i nd ica t ed  s t r u c t u r a l  dan2ge dur ing  
event time a t  only two mines -- t h e  Cameo and Red Canon coa l  mines a t  
27 and 3 2  mi les  r e spec t ive ly  from the  shot  po in t .  The r a t h e r  exten- 
s i v e  damage a t  Caroeo could reasonably bz a t t r i b u t e d  t o  the  Rul ison 
event ,  whi le  the r e l a t i v e l y  minor damage a t  Red Canon may o r  may not  
be. No s i g n i f i c a n t  damage a t t r i b u t a b l e  t o  Rulison was observed i n  
any-of  the  o the r  nearby mines inspec ted ,  no r  was any repor ted  by the 
opera tors  of the  f r inge-  a rea  mines subsequent ly  contacted.  However, 
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smal l  r o c k  s l i d e s ,  i s o l a t e d  rock  f a l l s ,  and minor slumping of rock  
f i l l s  were observed o r  r e p o r t e d  a l o n g  mine a c c e s s  r o a d s ,  e s p e c i a l l y  
t h o s e  t r a v e r s i n g  t h e  s t e e p e r  less s t a b l e  canyon s l o p e s .  

E f f e c t s  o f  t h e  Rul ison even t  on t h e  c l o s e r  mines were somewhat 
less, and on t h e  f a r t h e r  mines somewhat more, t h a n  had been expected 
from p r e d i c t e d  ground motion. B e t t e r  c r i t e r i a  o b v i o u s l y  were needed 
f o r  r e l a t i n g  ground motion t o  mine damage, and modi f i ed  s t a n d a r d s  
were prepared from observed s e i s m i c  d a t a  f o r  any f u t u r e  n u c l e a r  s h o t s  
i n  t h e  R u l i s o n  f i e l d .  - 

Actual  mine damage from t h e  i n i t i a l  n u c l e a r  e x p l o s i o n  was 
exper ienced a t  observed peak ground motions of o n l y  0.04 t o  0.007 g.  
On t h e  b a s i s  o f  t h i s  exper ience ,  any e s c a l a t i o n  i n  t h e  y i e l d  o f  
f u t u r e  s h o t s  would be i l l - a d v i s e d ,  p a r t i c u l a r l y  when t h e  ages  and 
p h y s i c a l  c o n d i t i o n s  of most mines i n  t h e  p r o j e c t  area a r e  cons ide red .  

INTRODUCTION 

H i s t o r i c a l  D e s c r i p t i o n  

P r o j e c t  R u l i s o n  i s  a j o i n t  exper iment  sponsored by A u s t r a l  
O i l  Company, t h e  U. S. Atomic Energy Commission, and t h e  U.  S. 
Department of t h e  I n t e r i o r ,  w i t h  program management p rov ided  by CER 
Geonuclear  Corpora t ion ,  under c o n t r a c t  t o  A u s t r a l  . I t s  purpose  i s  
t o  s tudy  t h e  economic and t e c h n i c a l  f e a s i b i l i t y  o f  us ing  underground 
n u c l e a r  e x p l o s i o n s  t o  s t i m u l a t e  p roduc t ion  o f  n a t u r a l  gas from t h e  
low-produc t i v i  t y  gas -bear ing  Mesaverde format ion i n  t h e  Rul i son  f i e l d  
of n o r t h w e s t e r n  Colorado.  

The n u c l e a r  e x p l o s i v e  f o r p r o j e c t  Ru l i son  was de tona ted  success -  
f u l l y  a t  3:00 p.m. p l u s  0.11 seconds,  mountain d a y l i g h t  t i m e ,  Septem- 
b e r  1 0 ,  1969,  a t  a  dep th  of 8,425.5 f e e t  below ground l e v e l  and was 
comple te ly  c o n t a i n e d .  P re l iminary  r e s u l t s  i n d i c a t e  t h a t  t h e  R u l i s o n  
d e v i c e  behaved abou t  as expected;  i .e . ,  w i t h  a  y i e l d  of  4 0  (-4 t o  +20) 
k i l o t o n s .  The wel lhead of t h e  emplacement w e l l ,  Hayward 25-95A, i s  a t  
an  e l e v a t i o n  of  .8 ,154 f e e t  above mean s e a  l e v e l  and i s  l o c a t e d  1,976.31 
f e e t  e a s t  of west  l i n e  and 1,813.19 f e e t  n o r t h  of  s o u t h  l i n e  of  sec .  25, 
T.7 S . ,  R.95 W . ,  6 t h  PM, G a r f i e l d  County, Colo'rado -- e q u i v a l e n t  t o  
g e o d e t i c  c o o r d i n a t e s  of l a t .  39024'211' N. and long .  107°56'53" W. 



Mine S a f e t y  E v a l u a t i o n  Program 

This r e p o r t  covers  t h e  mine s a f e t y  e v a l u a t i o n  program f o r  P r o j e c t  
Rul ison as c a r r i e d  ou t  by t h e  Bureau of Mines on b e h a l f  o f  t h e  Atomic 
Energy Cornmiss ion .  Purpose of  t h i s  program was t o  i d e n t i f y ,  e v a l u a t e ,  
and e l i m i n a t e  o r  c o n t r o l  a l l  p o t e n t i a l  hazards  t o  mining o p e r a t i o n s  
i n  the  g e n e r a l  p r o j e c t  a r e a  and t o  document the  e f f e c t s  o f  t h e  n u c l e a r  
exp los ion  on such o p e r a t i o n s .  The s e v e r a l  phases of t h e  program were 
c a r r i e d  o u t  by t h e  Denver Mining Research Cen te r  of t h e  Bureau of Mines 
under t h e  a u t h o r i z a t i o n  and f i n a n c i a l  suppd t  t of  the  Nevada Operat  i o n s  
O f f i c e  of  t h e  Atomic Energy C o m i s s i o n .  

The s u b j e c t  program involved a  v a r i e t y  of o f f i c e  and f i e l d  inves -  
t i g a t i o n s  conducted i n t e r m i t t e n t l y  throughout  1969. I n i t i a l l y ,  t h e  
genera l  p r o j e c t  a r e a  o u t  t o  5 0  m i l e s  from t h e  emplacement w e l l  was 
surveyed f o r  any a c t i v e  mines or  minera l  p l a n t s  t h a t  might  b e  a f f e c t e d  
by the  planned n u c l e a r  exper iment .  A l l  such minera l  developments d i s -  
c losed by the  su rvey  subsequen t ly  were v i s i t e d ,  and t h e  o p e r a t o r s  were 
b r i e f e d  on the  genera l  f e a t u r e s  o f  t h e  p r o j e c t  and i t s  p r e d i c t e d  e f f e c t s  
on t h e i r  o p e r a t i o n s .  Recorrmendations f o r  t h e  evacua t ion  o f  mines i n  t h e  
genera l  a r e a  d u r i n g  e v e n t  t ime  la t e r  were formulated ,  and pre-  and post -  
s h o t  i n s p e c t i o n s  e v e n t u a l l y  were made o f  s e v e r a l  of t h e  c l o s e r  mines 
where s t r u c t u r a l  damage was cons ide red  a  p o s s i b i l i t y .  Supplemental  pos t -  
s h o t  i n s p e c t i o n s  u l t i m a t e l y  were r e q u i r e d  t o  e v a l u a t e  c la ims  f o r  damages 
t o  o the r  more d i s t a n t  mines. 

GENERAL SETTING 

> 

S i t e  of t h e  n u c l e a r  s t i m u l a t i o n  p r o j e c t  was t h e  R u l i s o n  n a t u r a l  gas 
f i e l d  i n  t h e  Colorado River  Va l ley  of w e s t - c e n t r a l  Colorado.  U. S. 
Highways 6  and 24 ( I n t e r s t a t e  Route 70) and the  main l i n e  of t h e  Denver 
and Rio Grande Western R a i l r o a d  fo l low t h e  Colorado R i v e r  a c r o s s  t h e  
general  p r o j e c t  a r e a  between t h e  to-ms of Glenwood S p r i n g s  and Grand 
Junction.  Glenwood Spr ings  i s  35 a i r l i n e  m i l e s  e a s t ,  and Grand J u n c t i o n  
i s  40 a i r l i n e  m i l e s  sou thwes t ,  of t h e  s i t e .  Sur face  Ground Zero (SGZ) 
f o r  the experiment was -on t h e  n o r t h e r n  f l a n k s  o f  Bat t lement  Mesa, some 
3,000 f e e t  above and 5 m i l e s  s o u t h  of t h e  r i v e r  -- s p e c i f i c a l l y  a t  a n  
e l e v a t i o n  of  8,154 f e e t  i n  N E / ~ s w / ~ ,  s e c .  25', T.7 S . ,  R.95 W., 6 t h  PM, 
Gar f i e ld  County, Colo. (Sse accompanying map of genera l  p r o j e c t  a r e a  .) 
Ground Zero  f o r  t h e  n u c l e a r  d e t o n a t i o n  was 8,425 f e e t  below t h e  s u r f  ace ,  
i n  gas-bear ing s h a l e  and sands tones  of t h e  Mesaverde format ion.  





Major topographic f ea tu re s  w i t h i n  the genera l  p r o j e c t  a r e a  
include the  Grand Hogback and Huntsman H i l l s  a long  t h e  nor theas  t e r n  
and e a s t e r n  edges,  Batt lement and Grand Mesas south of t h e  Colorado 

' 

River ,  and the  Roan or  Green River P la teau  i n  t he  northwestern sec ' tor .  
Lands west of t he  Grand Hogback a r e  i n  the Colorado p l a t e a u  Physio- 
graphic Province and represen t  a d i ssec ted  p l a t e a u  wi th  s t r o n g  r e l i e f .  
Elevat ions  range from nea r ly  5,000 f e e t  i n  t h e  main dra inage  v a l l e y s  
t o  more than 11,000 f e e t  on the e ros iona l  remnants of the  h igher  mesas. 

The a rea  i s  on the southern f l ank  of tYhe Piceance Creek Basin,  
a major- s t r u c t u r a l  and sedimentary bas in  extending d iagonal ly  across  
northwestern Colorado. Sedimentary cover i n  the  bas in  has an aggre- 
ga te  thickness  of over 20,000 f e e t .  Up l i f t i ng  of t he  White River 
Plateau and E lk  Mountains s t e e p l y  ti1 ted t h e  pre-Ter t i a r y  s t r a t a  along 
the e a s t e r n  ard southern  margins of t h e  bas in .  S imi l a r  b u t  less severe  
t i l t i n g  of  these  s t r a t a  r e su l t ed  from the Uncompahgre u p l i f t  on the 
west. The T e r t i a r y  sedirn2nts deposi ted contamporary with  the  s t r u c -  
t u r a l  downwarping of t h e  bas in  a r e  more near ly  h o r i z o n t a l ,  e x h i b i t i n g  
a r eg iona l  d ip  and general  th ickening toward the  c e n t e r  of t he  bas in .  
The F:esaverde formation of La te  Cretaceous age c rops  out  around the  
i n t e r i o r  edges of the  b a s i n ,  whi le  t h e  Te r t i a ry  Wasatch and Green 
River formations cover most of t h e  p r o j e c t  a r ea  w i t h i n  t he  bas in .  
Green River s t r a t a  o v e r l i e  most of t h e  b a s i n  n o r t h  of the  Colorado 
River ,  and e ros iona l  remnants of t h i s  formation a r e  preserved below 
the  lava  cspping of Battlement and Grand Mesas. The p r inc ipa l  
mineral resources  of t h e  a r e a  -- c o a l ,  na tu ra l  gas ,  and o i l  s h a l e  -- 
a r e  confined t o  t he  Upper Cretaceous and T e r t i a r y  s t r a t a ,  l a r g e l y  
the Mesaverde and Green River formations.  

MINES I N  PROJECT AREA 

The pre l iminary  mineral  i ndus t ry  survey of t he  Rul ison p r o j e c t  
a rea  d i sc losed  some 24 mines and 9 mineral  p l a n t s  wi th in  a rad ius  of 
50 miles  of SGZ, a l l '  of which would b e  i n  a n  ac t iv ' e  o r  standby s t a t u s  
during t h e  event  time and thus  of concern i n  any e f f e c t s  s a f e t y  eval-  
ua t ion  program. R e l a t i v e  l o c a t i o n s  of such mines and p l a n t s  a r e  shown 
on the map of the  genera l  p r o j e c t  . a r e a  t h e t  accompanies t h i s  r e p o r t  
( f i g u r e .  1). Inasmuch a s  t h e  mineral  industry  p l a n t s  i n  t h e  gensra l  
a rea  were evaluated under t h e  s t r u c t u r a l  e f f e c t s  program f o r  t h e  p r o j e c t ,  
they w i l l  not  be  considered f u r t h e r '  here.  

, By f a r ,  t h e  l a r g e s t  number of a c t i v e  o r  semi-active mineral  
opera t ions  i n  th& p r o j e c t  a r e a  a r e  c o a l  mines. Several  c o a l  f i e l d s  of 



t h e  Uinta Coal Region of e a s t e r n  Utah and wes te rn  Colorado -- Dan- 
f o r t h  H i l l s ,  Grand Hogback, carbondale ,  Somerset, Grand Mesa, and 
Book C l i f f s  -- occur around t h e  southern  f l a n k s  of  the  Piceance 
Creek Basin. Host of t hese  f i e l d s  a r e  25 t o  40 m i l e s  from SGZ; , 

only a p a r t  of the  Grand Hogback f i e l d  i s  c l o s e r  than 25 miles. 
The coal, .  which i s  confined l a r g e l y  t o  the  lower p a r t  of t he  
Mesaverde formation,  has been mined i n  the  s e v e r a l  surrounding 
f i e l d s  f o r  many years .  Although many of t h e  o l d e r  mines have been 
worked o u t  and abandoned, a number of ope ra t ions  a r e  s t i l l  a c t i v e  i n  
each f i e l d .  Coal beds w i t h i n  t h e  var ious  f i e l d s  range from hor i -  
zonta l  t o  s t eep ly  p i t ch ing  and . con ta in  both s t r o n g  and weak caprock. 

: Some beds a r e  r e l a t i v e l y  f r e e  of gas., whi le  o t h e r s  a r e  moderately t o  
extremely gassy . 

More than 400 persons a r e  employed i n  t h e  17  a c t i v e  coa l  mines 
i n  t h e  p r o j e c t  a r ea .  Miners a t  a l l  b u t  t h e  smal le r  opera t ions  gen- 
e r a l l y  a r e  unionized, and most a r e  members of Dis t r ic t  5 0  -- United 
Mine Workers of America. 

Over the  years ,  f i v e  experimental  or  demonstration mines have 
been opened i n  the  so-cal led o i l  s h a l e s  of t h e  Green River  formation 
wi th in  t he  p r o j e c t  a rea  nor th  of t h e  Colorado River .  such' mines 1 i e  
a t  d i s t ances  of 8 t o  17 m i l e s  nor th  of SGZ, i n  t he  s e c t o r  between 
Rulison and Grand Valley'. The old Rulison m i n e ,  which i s  c l o s e s t  t o  
SGZ, r ep re sen t s  an ea r ly  day .opera t ion  and i s  considered abandoned. 
A l l  of the  o the r s  a r e  more r e c e n t  developments, l a r g e l y  i n a c t i v e  a t  

. p r e s e n t ,  but  s u b j e c t  t o  pe r iod ic  opera t ion  f o r  r e sea rch  and experi -  
mental purposes.  Typical  mine development i s  by means of d r i f t  
e n t r i e s  i n t o  t h e  nearby v e r t i c a l  o i l  s h a l e  escarpments high above 
the v a l l e y  bottoms. Horizontal  room-and-pil lar  mining methods have 
been used exc lus ive ly .  The wide mine openings.and s t e e p  s u r f a c e  
topography c h a r a c t e r i s t i c s  of such opera t ions  p re sen t  a v a r i e t y  of 
ground c o n t r o l  problems. 

The we1 1 known R i f l e  Creek vanadium mine i s .  developed . i n  the  
massive Entrada and Navajo sandstones  a t  a p o i n t  some 23 mi les  nor th-  
e a s t  of SGZ where these  o l d e r  Ju ra s s i c  and T r i a s s i c  formations a r e  
downwarped i n  the prominent monocline of t h e  Grand Hogback. 

The only o the r  a c t i v e  opera t ions  of any concern i n  t h e  p r o j e c t  
a r e a  a r e  two limestone q u a r r i e s  i n  the  Glenwood Spr ings  a r ea  some 
35 mi les  from SGZ. Both a r e  small  summertime ope ra t ions  i n  t he  
massive Leadv i l l e  l imestone formation of El i ss i ss ipp ian  age. 



. . 
\' 

i 

Four  a c t i v e  sand and g r a v e l  p i t s  and p l a n t s ,  4 0  m i l e s  o r  more 
from SGZ, were cons ide red  i n  no danger  from t h e  p r o j e c t  and t h u s  were 
e l iminated  from f u r t h e r  c o n s i d e r a t i o n  under  t h e  s a f e t y  e v a l u a t i o n  
program. The numerous o t h e r  l o n g - i n a c t i v e  and abandoned mines w i t h i n  
the  p r o j e c t  a r e a  l i k e w i s e  were cons ide red  beyond a l l  p o s s i b l e  b e n e f i t s  
of sa fe ty ,  program. 

Addi t iona l  p e r t i n e n t  f e a t u r e s  of a l l  t h e  r e c e n t l y  a c t i v e  c o a l ,  
o i l  s h a l e ,  l i m e s t o n e ,  and vanadium mining o p e r a t i o n s  i n  t h e  p r o j e c t  
a rea  a r e  inc luded  w i t h  the '  mine e f f e c t s  t a b u l a t i o n  i n  t h e  appendix of 
t h i s  r e p o r t .  

MINE EFFECTS SAFETY EVALUATION 

0 

Mine Evacuat ion 

Recommendations f o r  t h e  e v a c u a t i o n  of mines a t  Ru l i son  e v e n t  
time were based on p r e d i c t i o n s  of  ground niotion a s  w e l l  as on observed 
and repor ted  c o n d i t i o n s  and age  o f  ' t h e  i n d i v i d u a l  mine workings.  Any' 
damage t o  t h e  mines i n  t h e  a r e a  d u r i n g  e v e n t  t ime,  o f  c o u r s e ,  would 
present  a  p o t e n t i a l  hazard  t o  pe r sons .work ing  i n  t h e s e  mines. Then, 
too, g r e a t e r  c a u t i o n  was warranted where p e r s o n a l  s a f e t y  was involved 
and a l l  t h e  c o n t i n g e n t  f a c t o r s  could  n o t  b e  r e s o l v e d .  I n  o r d e r  t o  
provide t h e  n e c e s s a r y  s a f e t y  f a c t o r s  w i t h o u t  a n  undue o v e r . r e a c t i o n ,  
the  a e r i a l  e x t e n t  of a l l  p o s s i b l e  damage t o  mine workings and f a c i l i -  
ties was equated t o  t h e  t h r e s h o l d  of p e r c e p t i b l e  ground motion.  Such 
threshold was assumed e q u i v a l e n t  t o  a peak p a r t i c l e  a c c e l e r a t i o n  o f  
about 0.01 g r a v i t y  u n i t  which, a c c o r d i n g  t o  p r e l i m i n a r y  ERC p r e d i c t i o n s  , 
would be exper ienced  w i t h i n  a range  o f  abou t  28 t o  35 m i l e s ,  depending 
upon the  y i e l d  of t h e  n u c l e a r  d e v i c e .  . 

I t  was recommended t h e r e f o r e ,  t h a t  a l l  8 a c t i v e  o r  s tandby mines 
wi th in  t h e  minimum range of 28 m i l e s  from SGZ b e  evacua ted  of pe r sonne l  
during e v e n t  time. For p r a c t i c a l  purposes ,  t h e  Coal Canyon mine a t  
29 miles was c o n s i d e r e d  w i t h  t h e  l a t t e r  group.  S p e c i a l  c o n d i t z o n s  and 

, c o n s i d e r a t i o n s  a l s o  warranted t h e  e v a c u a t i o n  o f .  t h e  Dutch Creek c o a l  
mines somz 7 m i l e s  beyond t h i s  minimum range.  

 here were 7 o t h e r  a c t i v e  mines i n  t h e  28-to-35-mile range ,  and 
another 6 such o p e r a t i o n s  w i t h i n  35 t o  50 m i l e s ,  f o r  which e v a c u a t i o n  
was not  c o n s i d e r e d  necessa ry .  N e v e r t h e l e s s ,  i t  was recommended t h a t  
the  o p e r a t o r s  of a l l  t h e s e  f r i n g e  a r e a  mines b e  o f f i c i a l l y  a l e r t e d  t o  
t h e  d a t e  and t i m ;  of  t h e  e v e n t  s o  a s  t o  b e  prepared f o r  d i s c r e t i o n a r y  
voluntary e v a c u a t i o n .  No o b j e c t i o n  was r a i s e d  t o  t h e  o f f i c i a l  evacua- 
t i o n  of any of t h e  f r i n g e  a r e a  mines f o r  a c c e p t a b l e  r e a s o n s ,  t e c h n i c a l  
o r  o therwise .  

- .  
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The p r o j e c t  manager u l t i m a t e l y  decided t o  e v a c u a t e  a l l  t h e  a c t i v e  
mines i n  t h e  g e n e r a l  a r e a  d u r i n g  e v e n t  t ime .  Th i s  d e c i s i o n  was. l a r g e l y  
i n  response  t o  l a b o r  union demands f o r  l e n g t h y  pa id  h o l i d a y s  d u r i n g  
event  time. I t  a l s o  e l i m i n a t e d  any p r e f e r e n t i a l  o r  d e s c r i m i n a t o r y  
t r ea tmen t  between t h e  l a r g e  and s m a l l ,  o r  union and non-union,  
o p e r a t i o n s .  R e s p o n s i b i l i t y  f o r  c o o r d i n a t i n g  t h e  e v a c u a t i o n  of a l l  
mine personnil throughout  t h e  a r e a  d u r i n g  e v e n t  t ime was ass igned  
t o  CER Geonuclear  Corp. A s  f a r  a s  cou ld  b e  determined,  100 p e r c e n t  
evacua t ion  was accompl ished.  .. 

Pre- and Post -  Sho t Mine' I n s p e c t i o n s  

I n  t h e  absence  of o t h e r  c r i t e r i a ,  the t h r e s h o l d  of p e r c e p t i b l e  
ground motion (abou t  2 8  m i l e s  from sGZ) a l s o  was used t o  e s t a b l i s h  
t h e  l i m i t s  f o r  p re -  and p o s t - s h o t  i n s p e c t i o n s  of  p o s s i b l e  mine 
s t r u c t u r a l  damage. 

P re - sho t  i n s p e c t i o n s  of  7 a c t i v e  o r  s t andby  mines w i t h i n  t h e  
28-mile range were made d u r i n g  t h e  p e r i o d  August 21 t o  September 3 ,  
1969. P o s t - s h o t  i n s p e c t i o n s  of these  same mines were made a s  soon 
a s  p o s s i b l e  a f t e r  the  e v e n t ,  o r  d u r i n g  t h e  p e r i o d  September 11-17, 
1969. Only two o f  the  a c t i v e  o r  s tandby mines o r i g i n a l l y  d i s c l o s e d  
w i t h i n  t h i s  maximum e f f e c t s  r a n g e  were n o t  i n s p e c t e d .  No i n s p e c t i o n s  
o f  the Mobil o i l  s h a l e  mine were a t t empted  because  of t h e  s e c u r i t y  
r e s t r i c t i o n s  i n s i s t e d  on by t h e  o p e r a t o r .  The planned inspec , t ions  
o f  the  Coal Canyon s t r i p  mine proved n e i t h e r  war ran ted  nor  f e a s i b l e  
inasmuch as  t h e  o p e r a t i o n s  t e rmina ted  b e f o r e  e v e n t  t i n e  and t h e  a c c e s s  
road had s i n c e  been  washed o u t  by  f l a s h  f l o o d s .  

A non-scheduled p o s t - s h o t  i n s p e c t i o n  of t h e  Red Canon c o a l  mine 
a t  32 m i l e s  from SGZ was made September 13, 1969, upon r e c e i p t  of a 
damage r e p o r t  from t h e  o p e r a t o r .  A t  t h e  r e q u e s t  of t h e  P r o j e c t  R u l i -  
son Claims D f f i c e ,  s p e c i z l  p o s t - s h o t  damage i n v e s t i g a t i o n s  a l s o  were 
made of the  Busk-Ivanhoe ( C a r l t o n )  w a t e r  . t u n n e l  on October 7 t h  and of  
t h e  C a r t e r  go ld  mines on Koveinber 10 th  and 1 1 t h .  Both of t h e s e  semi- 
a c t i v e  o p e r a t i o n s  were w e l l  o u t s i d e  t h e  g e n e r a l  p r o j e c t  a r e a  -- t h e  
tunnel  som? 80 m i l e s  east ,  and t h e  mines some 93 m i l e s  s o u t h e a s t ,  o f  
S G Z .  s p e c i a l  mine dzmage i n s p e c t i o n  r e p o r t s  were p repared  i n  f o u r  
c a s e s  where c l a i m s  f o r  damages r e s u l t i n g  from t h e  R u l i s o n  e v e n t  were 
i n v e s t i g a t e d  . 

The v a r i o u s  pre-  and pos t -  s h o t  examina t ions  w i t h i n  t h e  g e n e r a l  
p r o j e c t  a r e a  were made w i t h  one o r  more of t h e  Bureau 's  Coal. Mine 



Inspec t o r s  -- p r i n c i p a l l y  Vernon A. Bowling o f .  Grand Junct ion.  
Oscar T. Rice,  Deputy S t a t e  Coal Mine I n s p e c t o r  from Paonia,  
a s s i s t e d  i n  the examination of the Roadside and Cameo c o a l  mines. 
Fred L. Smith of Denver, a consu l t i ng  mining engineer  engaged by 
CER Geonuclear a t  t he  reques t  of t h e  ope ra to r s ,  e l s o  p a r t i c i p a t e d  
i n  t h e  examinations of these l a t t e r  two mines. A r e p r e s e n t a t ~ i v e  of 
t he  ope ra to r  was presen t  during a l l  pre- and post-shot  examinations 
except  those a t  the  Roadside coa l  mine and t h e  i n a c t i v e  Bureau of 
Mines o i l  sha l e  mine. P r e -  and pos t - shot  photographs w e r e  taken o f  
t h e  most c r i t i c a l  a r e a s  i n  each mine inspec ted .  A l l  apparent  damage 
t o  t he  mine workings and f a c i l i t i e s  from the  event  a l s o  were photo- 
graphed. Operators of most of the  f r i nge -a rea  mines not  formal ly  
examined were contacted subsequent t o  t he  Rul ison event concerning 
t h e  p e r c e p t i b l e  ground motion and i ts  e f f e c t ,  i f  any, i n  t h e i r  
genera l  a r eas .  

.Mine S t r u c t u r a l  Damage 

The post-  s h o t  inspec t ions  i nd ica t ed  s t r u c t u r a l  damage during 
event  time a t  only two mines -- the  Cameo and Red Canon c o a l  mines 
a t  27 and 32 miles  r e spec t ive ly  from S G Z .  The r a t h e r  ex tens ive  
damage a t  Cameo can reasonably be  a t t r i b u t e d  t o  the  Rulison event ,  
whi le  t h e  r e l a t i v k l y  minor damage a t  Red Canon may o r  may not be. 
There was no evidence of any new roof f a l l s  i n  the Bureau of Flines 
o i l  s h a l e  mine (10 miles  from sGZ) where s e v e r a l  l a r g e  f a l l s  have 
occurred i n  the pas t  and minor f a l l s  occur pe r iod ica l ly .  A small  
chunk of c o a l  about 6 inches i n  diameter dropped from the roof of 
t h e  new lower l e v e l  of the Nu-Gap coa l  mine (20 mi les  from SGZ) bu t  
caused no damage. An i s o l a t e d  timber prop suppor t ing  power cab le s  
a long t h e  main e n t r y  of the Roadside coa l  mine (27 miles  from SGZ) 
a l s o  was toppled during event t i n o ,  b u t  such damage was r e a d i l y  
remedied and could hardly b e  r a t ed  cornpensable. No damage a t t r i b u t -  
a b l e  t o  the Rulison event  was observed i n  any of the  o the r  nearby 
mines examlned, nor was any reported by t h e  ope ra to r s  of t he  f r i n g e -  
a r e a  mines subsequently contacted.  However, small rock s l i d e s ,  
i s o l a t e d  rock f a l l s ,  and minor slumping of rock f i l l s  were observed 
o r  repor ted  along mine access  roads ,  p a r t i c u l a r l y  those t r a v e r s i n g  
t h e  s t eepe r  and less s t a b l e  canyon s lopes .  

Other p e r t i n e n t  i n f  ormation from the  pos t - shot  i n spec t ions  of 
the. nearby mines and from t h e  ope ra to r s  of the f r i nge -a rea  mines n o t  
i n s p e c t e d , i s  summarized i n  t abu la r  form i n  the  appendix of t h i s  re-  
p o r t .  Se lec ted  pre- and post-shot  photographs of t h e  nore c r i t i c a l  
s e c t i o n s  of t h e  mlnes inspected a l s o  a r e  included the re .  Photographs 
of the  con£ irmed s ' truc t u r a l  damages i n  t h e  Cameo and Red Canon. mines, 
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and of the  reported b u t  unsubstant ia ted damages i n  o t h e r  mines, 
a r e  included wi th  t he  b r i e f  desc r ip t ions  of such damages given 
below. 

Cameo mine The c o a l  i n  the Cameo mine i s  ove r l a in  by about 
a  f o o t  of carbonaceous mudstone, some two f e e t  of  

s o f t  j o in t ed  sandstone,  and a  r i d e r  seam of c o a l  a  few f e e t  t h i c k .  
This roof s t r a t a ,  p a r t i c u l a r l y  the mudstone caprock, i s  uns t ab l e  and 
sub jec t  t o  f requent  f a i l u r e s  i n  s ec t ions  of-the mine. I n  t h e  sha l -  
lower workings near  t h e  outcrop,  the roof s t r a t a  con ta ins  prominent 
v e r t i c a l  f r a c t u r e s  which begin t o  open a s  soon a s  the  coa l  i s  mined. 
Subsequent s t r a t a  s epa ra t ions  along bedding planes  permit  t h e  roof  t o  
sag  and eventua l ly  t o  co l l apse ,  o f t e n  i n  s p i t e  of t he  normal mine 
supports  . 

Most of the mine roof spans a r e  re inforced  by 3- foot  roof b o l t s  
anchored i n  the j o in t ed  sandstone above the caprock. Wooden c ross -  
ba r s ,  held a g a i n s t  t h e  caprock by both roof b o l t s  and t imber p o s t s ,  
genera l ly  a r e  i n s t a l l e d  along t h e  main e n t r i e s .  I n  many p l aces ,  the  
caprock breaks i n t o  small  p l a t e s  which drop o u t  and reduce t ens ion  on 
t h e  roof  b o l t s .  Many b o l t  anchors a l s o  a r e  prone t o  s l i p .  As a  
r e s u l t ,  the  re inforced  roof span begins t o  s ag ,  i n i t i a t i n g  new t e n s i o n  
c racks  and bedding sepa ra t ions  and in su r ing  u l t ima te  roof f a i l u r e  un- 
l e s s  timber props a r e  i n s t a l l e d  . 

Local ly  near  the  coa l  outcrop, t he  o r i g i n a l  roof s t r a t a  was eroded 
away by anc ien t  s t reams and l a t e r  replaced by loose ly  cemented g rave l  
and boulders .  Such m a t e r i a l  gene ra l ly  caves t o  a  he igh t  of s eve ra l  
f e e t  above any c o a l  mined below i t ,  n e c e s s i t a t h g  ex tens ive  c r ibb ing ,  
lagging,  and o t h e r  t imber suppor t .  

Most of the s t r u c t u r a l  damage d isc losed  by the  pos t - shot  inspec- 
t i o n  and a t t r i b u t e d  t o  the Rulison event ,  was confined t o  working 
a reas  under shallow cover ,  c l o s e  t o  the  outcrop -- s p e c i f i c a l l y  the  
1st Southwes t . sec t ion  and the  Nos. 1 and 2 h t s i d e  e n t r i e s .  I n  t hese  
a r eas  of poor t o  bad roo f ,  new cracks i n  the  caprock were' formed, and 
some of  the old e x i s t i n g  c racks  were enlarged.  (See f i g u r e s  2 t o  5.) 
A small  roof f a l l  a l s o  occurred along one e n t r y ,  and t h e  r e s u l t i n g  
sepa ra t ion  of t h e  roof  s t r a t a  ad j acen t  t o  t h i s  f a l l  placed excess ive  
weight on seve ra l  success ive  timber sets i n  t he  en t ry .  (See f i g u r e s  
6 and 7.)  

'Necessary r e p a i r s  t o  t h i s  s e c t i o n  of the  mine, as  determined by 
t h e  consul tan t  engaged a t  t h e  reques t  of t he  ope ra to r ,  involved the 
removal of 4 damaged timber s e t s ,  the  cleanup o'f sone 9 cubic  ya rds  of 
f a l l e n  rock, and the  i n s t a l l a t i o n  of 25 new timber s e t s  a long 150 f e e t  



Fig. 3 - New crack i n  caprock 
(I/? inch wide by 40 
f e e t  long). of No. 1 
Southwest entry out- 
by No. 1 Outside entry. 

. Cameo Mine 
9111-12/69 

Fig .  2 - New crack in  caprock 
, (3/8 inch wide by 30 
feet long) of the No. 
2 Outside entry a t  No. . 

4 .Crosscut. 



Fig .  New crack i n  caprock 
(1/4 inch wide by' 
150 f e e t  long) i n  No. 
2 Outside entry . a t ,  
1s  t Intersect ion in- 
by Main ~ i r  Return. 

Fig. 5 - New crack i n  caprock 
(318 to  1 /2  inch wide) 
along No. 2 Outside entry 
between 1 s t  and 2nd 
Intersect ions .  

.- 

. ~ a m & ~  Mine. 
9'/11/69. 



Cameo Mine 
9/11-12/69 - ,  

Fig. 6 - New Cave-in ( 1 6 ' x 4 ' ~ 2 ' )  showing roof s t ra ta  separation 
(note f i l m  box and roof cane) i n  No. 2 Outside entry, 
40 feet  outby face. 

F i g -  7 - Roof f a l l  3 cubic yards) and sagging 
cross bar i n  No. 2 Outside entry,  40 f e e t  
outby face .  



of e n t r y  -- a l l  of which was estimated to  c o s t  about $1,000. The 
opera tor  subsequently submitted a  damage c l a im  f o r  c l ean ing  up the 
f a l l e n  rock and sys t ema t i ca l ly  t imbering 1,000 f e e t  of en t ry  wi th  
200 timber s e t s  p lus  2 i n t e r s e c t i o n s  wi th  6 s e t s  -- a l l  a t . a  t o t a l  
c o s t ,  i nc lud ing  a t to rney  f e e s ,  of $8,897. To d a t e ,  no  r e c o n c i l i a t i o n  
betwezn t h e  consu l t an t s '  determination.  and the o p e r a t o r ' s  c la im has 
been attempted. 

The development of numerous small  new cracks  i n  the caprock and 
the enlargements of e x i s t i n g  cracks a l s o  w e r e  noted i n  t h e  "A" Raise  
s e c t i o n  of the  mine. This lat ter s e c t i o n  i s  more than  a  mile  from the  

/ 

coa l  outcrop and h a s  a  r e l a t i v e l y  good r o o f ,  b u t  l i e s  below a  s l ende r  
e ros iona l  remnant of rock t h a t  extends some 1,000 f e e t  above t h e  gen- 
e r a l  ground l e v e l .  The damage he re  was no t  considered severe  enough 
t o  r e q u i r e  add i t i ona l  timber supports and t h e r e f o r e ,  probably i s  n o t  
compensable. The operator  makes mention of t h i s  damage, b u t  does n o t  
c la im compensation f o r  i t .  Two o ther  s e c t i o n s  of t h e  mine -- one wi th  
r e l a t i v e l y  good roof  condi t ions  (2nd Eas t  pannel)  and the o the r  w i  t h  
very poor condi t ions  (3 West haulage en t ry )  -- su f f e red  no observable . 
damage from t h e  event .  

Red Canon mine The sha l e  roof i n  t h e  Red Canon coa l  mine i s  
s t r u c t u r a l l y  q u i t e  s t a b l e  and has stood for  yea r s  

supported only by timber props. However, even th i s  roof s tone  begins  
t o  s l u f f  i n  time, and r e l a t i v e l y  small t h i n  s l a b s  p e r i o d i c a l l y  drop 
from the  roof throughout the 'mine. Such rock. i s  of t e n  l e f t  where i t  
f a l l s ,  b u t  may be s tacked by hand behind t h e  timber props a long the  
s i d e s  of t he  t r a v e l  and haulageways. 

The s p e c i a l  post-shot  inspec t ion  of t h i s  mine revealed t h a t  a n  
aggregate of about 112 cubic  yard of t h e  s h a l e  caprock had r ecen t ly  
f a l l e n  from t h e  roof i n  four i so l a t ed  sec t ions  of t h e  workings. (See 
f i g u r e s  8 to  11 .) The most s e r i o u s  f a l l  occurred midway along the 
inc l ined  r e t u r n  airway where a  t h i n  s l a b ,  about 4 f e e t  by 2  112 f e e t  
i n  a r e a ,  had dropped onto  t h e  e l e c t r i c a l  power c a b l e s  serving the n ine .  
I n  dropping, t h i s  s l a b  t o r e  loose  the power cab le s  from t h e i r  i n su l a t ed  
hangers on two ad jo in ing  timber props. The cleanup of a l l  the  r ecen t ly  

L 
f a l l e n  rock and t h e  rehanging of the  power c a b l e s  were es t imated t o  % .  

r e q u i r e  about 112 man-shift  a t  a c o s t  of about $25. 

Busk- Ivanhoe Th i s  9,400-foot tunnel  was d r iven  through the 
(Car 1 ton)  tunnel Precambrian g r a n i t e  c o r e  of the  Cont inental  Divide 

before  the tur.n of  the  century.  Or ig ina l ly  a r. 

r a i l r o a d  tunne l ,  i t  i s  now used exc lus ive ly  f o r  water  d ivers ion .  The 
tunnel has  a  long  h i s t o r y  of cave-ins and i s  heavi ly  timbered throughout 



Red Canon Mine 
9/13/69 

Fig. 8 - Thin s l a b  o f  caprock down on power cables  
in return airway j u s t  e a s t  of inc l ine  s h a f t .  

. . . .  . 

I?ig. 9 - Caved caprock (darker material on top of old cave 
and under lamp) i n  l e v e l  entry j u s t  e a s t  of inc l ine  s h a f t .  . . 



. Red Canon .Mine 

. - 9/13/69. 

Fig. 10 - Caved caprock (by lamp and on shaker pan) in level  
entry east of inc l ine  shaft .  

F ig .  11 - Caved caprock (darker material i n  foreground and 
below lamp) in old room'driven up pitch from l e v e l  

' entry east  of inclined s h a f t .  



-' 90: , . 

i t s  l e n g t h .  Most of the  o r i g i n a l  t u n n e l  s u p p o r t s  have  l o n g  s i n c e  
d e t e r i o r a t e d ,  b u t  o n l y  p a r t  of  t h e s e  have been  r e p a i r e d  o r  r e p l a c e d .  

A major  cave- in  of about  130 c u b i c  y a r d s  of rock  and t imber  a t  
4 ,200 f e e t  from t h e  e a s t  p o r t a l ,  p l u s  minor rock  and t i m b e r  f a l l s  a t  
f o u r  o t h e r  l o c a t i o n s ,  was r e p o r t e d  t o  have  o c c u r r e d  sometime between 
September 9 t h  and 1 5 t h .  (See f i g u r e s  12  t o  14.) I n v e s t i g a t i o n s  
i n d i c a t e d  t h a t  t h e  major cave- i n  cou ld  have  c o i n c i d e d  w i t h  t h e  Rul i -  
s o n  e v e n t ,  b u t  t h a t  t h e  minor rock  and t i m b e r  f a l l s  may n o t  have.  
No ground mot ion was f e l t  i n  t h e  immediate - a r e a ,  and such motion a s  
cou ld  b e  p r o j e c t e d  f o r  t h e  a r e a  p robab ly  was t o o  low t o  have  caused 
t h e  damage. Any c o n s i d e r a t i o n  of t h e  p a s t  h i s t o r y  o f  t h e  t u n n e l  and 
i t s  p r e s e n t  p h y s i c a l  c o n d i t i o n  l e a v e s  l i t t l e  doubt  t h a t  t h e  cave- in  
would have occurred  sooner  o r  l a t e r ,  i r r e g a r d l e s s  of t h e  R u l i s o n  
even t .  

C a r t e r  mine Damages t o  t h e  C a r t e r  and t w o  o t h e r  con t iguous  gold  
mines ,  c o n s i s t i n g  o f  caved a d i t  p o r t a l s  i n  a l luv ium 

and caved d r i f t s  below o l d  s h r i n k a g e  s t o p e s ,  a l s o  were r e p o r t e d  a s  
r e s u l t i n g  from t h e  R u l i s o n  e v e n t .  (See f i g u r e s  1 5  and 16.) An 
i n s p e c t i o n  revea led  n o t h i n g  c o n c l u s i v e  t h a t  would t i e  t h i s  damage t o  
R u l i s o n .  About a l l  t h a t  cou ld  be de te rmined  was t h a t  i t  probably  was 
o f  r e c e n t  o r i g i n .  The s e c t i o n s  of the  mines found damaged were t h o s e  
most s u s c e p t i b l e  t o  n a t u r a l  c a v e - i n s .  C o n s i d e r i n g  t h e  age  of  t h e  
workings ,  t h e  c o n d i t i o n s  of t h e  o ld  t i m 5 e r s ,  and t h e  a l t e r e d  n a t u r e  o f  
t h e  Precambrian g r a n i t e  and s c h i s t  w a l l  r o c k ,  such c a v e - i n s  would b e  
expec ted  t o  occur  p e r i o d i c a l l y  a t  any t i m e .  I t  was concluded t h a t  
t h e  damages r e p o r t e d  were of n a t u r a l  o r i g i n  and not r e l a t e d  t o  t h e  
R u l i s o n  e v e n t .  

Monte Queen mine The o p e r a t o r  o f  t h i s  s i l v e r  mine,  some 102 m i l e s  
s o u t h  of SGZ, nea r  Lake C i t y ,  r e p o r t e d  t h a t  abou t  

25 t o n s  oE l o o s e  rock  was d i s l o d g e d  from a  working f a c e  d u r i n g  e v e n t  
t ime.  An i n s p e c t i o n  was n o t  made inasmuch a s  no compensable damages 
t o  mine workings o r  machinery were c la imed.  The mine workings r e p o r t -  
e d l y  a r e  a l o n g  a n  "ac t ive"  f a u l t - f i s s u r e  i n  t h e  Eureka  r h y o l i t e  (a 
T e r t i a r y  v o l c a n i c  £1 ow). As f a r  a s  can b e  de te rmined ,  t h e r e  a r e  no 
f a u l t  s t r u c t u r e s  ex tend ing  from t h e  g e n e r a l  p r o j e c t  a r e a  i n t o  t h e  
Lake C i t y  a r e a ,  and i t  i s  u n l i k e l y  t h a t  s u f f i c i e n t  ground motion was 
exper ienced  h e r e  t o  have caused  t h e  r e p o r t e d  rock  f a l l .  



B u s  k- Ivanhoe (Carl ton) Tunn 
' .  - 10/.7/69 - ,  

Fig. 12 - West end of major 
cave-in a t ,  4200 feet, 

Fig .  13  - East end of major cave-in 
a t  4200 f e e t .  

Fig.  14 - Disintegrated wall .p late ,  toppled  
post ,  and sagged arch segment of 
old tunnel s e t  at 4055 f e e t .  



Carter Mines . 
l l / l0-11269 . 
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F i g .  15 - Caved portal of No. 2 
l e v e l -  of Golden I s l e t  
mine. 

F i g .  16 - caved portai of No. 3 l e v e l  3f 

Golden I s l e t  mine. 



GROUND MOTION 

A comparison of p r e d i c t e d  and observed ground mot ions, a t  s e v e r a l  
se i smic  r e c o r d i n g  s t a t i o n s  n e a r  c e r t a i n  mines i n  t h e  p r o j e c t  a r e a ,  
a s  r e p o r t e d  by Environmental  Research  Corp. i n  NVO-1163-180 and -197, 
i s  t a b u l a t e d  below. The a c t u a l  y i e l d  o f  t h e  R u l i s o n  d e v i c e  h a s  no t  
been announced, b u t  f o r  comparison purposes ,  i s  assumed t o  be t h e  
des ign  y i e l d  of 4 0  k i l o t o n s .  

" ' 

Miles and 
d i r e c t i o n  Se i smic  s t a t i o n  Pea!: a c c e l e r a t i o n ,  g 
from SGZ wlnearby nines (Predic ted)(Observed)  

9  N ~ o b i l / ~ o b i l  and USBM o i l  s h a l e  0.135 0.056 
mines 

21 NE Harvey ~ a p / ~ u - ~ a p  c o a l  and R i f l e  0.025 0.031 
vanadium mines 

27 SLJ Cameo/~ameo and Roadside  c o a l  0.016 0.038 
mines 

34 S C e d a r e d g e / ~ e d  Canon, Top and 0.009 0.007 
Green Val ley  c o a l  mines 

35 E ~ l e n w o o d / ~ o u r - ~ i l e  c o a l  mine, two 0.008 0.005 
l imes tone  q u a r r i e s  

4 1  SE P a o n i a / ~ i n g ,  Somerset ,  Bear ,  0.006 0.011 
Black Beauty and ~ a w k ' s  
Nest  c o a l  mines 

44 N ~ e e k e r l ~ i n e a u  c o a l  mine 0.005 0.004 

The ground motions recorded a t  t h e  m a j o r i t y  o f  t h e  seismic s t a t i o n s  
throughou't t h e  a r e a  w e r e  somewhat h i g h e r  than had been p r e d i c t e d .  How- 
e v e r ,  b o t h  h i g h e r  and lower  magnitudes were observed a t  t h e  few s t a t i o n s  
s t r a t e g i c a l l y  l o c a t e d  w i t h  r e s p e c t  t o  t h e  mines i n  t h e  a r e a .  A t  t h e  
Cemeo mine, where s i g n i f i c a n t  damage occur red ,  t h e  observed peak p a r  ti- 
c l e  a c c e l e r a t i o n  o f  0.0375 g was 250 pe rcen t  of t h e  p r e d i c t e d  peak 
ampl i tude .  Minor damage occur red  i n  t h e  Red Canon mine a t  a  peak 
a c c e l e r a t i o n  of  o n l y  0.007 g -- a  m e r e  7 8  p e r c e n t  of  t h e  p r e d i c t e d  
v a l u e .  

I n  c o n t r a s t  t o  t h e  p r e d i c t i o n s ,  a c t u a l  ground motions '  d i d  n o t  a t t i n -  
u a t e  p r o ? o r t i o n a t e l y  w i t h  d i s t a n c e  i n  a l l  s e c t o r s  o f  t h e  p r o j e c t  a r e a .  

-- . Although n o t  f u l l y  unders tood ,  t h i s  d i sc repancy  probably  i s  t h e  r e s u l t  of 
o t h e r  p h y s i c a l  f a c t o r s  t h a t  va ry  from s e c t o r  t o  s e c t o r ,  suc!: a s  rock t y p e ,  
s t r u c t u r a l  d e f o r m i t i e s ,  s u r f a c e  topography,  and s o  on. 



CONCLUSIONS 

E f f e c t s  of  t h e  Ru l i son  e v e n t  on t h e  c l o s e r  mines w e r e  somewhat 
less, and on t h e  f a r t h e r  mines somewhat more, t h a n  had  been  expec ted  
'from t h e  p r e d i c t e d  ground motion. B e t t e r  c r i t e r i a  o b v i o u s l y  was 
needed f o r  r e l a t i n g  ground motion t o  mine damage, p a r t i c u l a r l y  i n  t h e  
n e a r  p e r c e p , t i b l e  r a n g e  and f o r  o l d  d e t e r i o r a t e d  workings  i n  bedded 
s t r a t a  hav ing  wide r o o f  spans  and poor-to-ba_d roof  c o n d i t i o n s  -- s u c h  
a s  a p p l y  t o  most mines i n  t h e  p r o j e c t  a r e a .  

A c u r s o r y  examinat ion  o f  t h e  observed s e i s m i c  d a t a  i n d i c a t e s  t h a t  
the  ground motion from t h e  e v e n t  i s  n o t  a  f u n c t i o n  o f  d i s t a n c e  a l o n e ,  
b u t  p robab ly  i s  a f f e c t e d  by a  v a r i e t y  o f  o t h e r  v a r i a b l e s .  Consequent ly ,  
a  g r e a t e r  s a f e t y  f a c t o r  f o r  t h e  l i m i t s  of b o t h  mine e v a c u a t i o n  and 
p o t e n t i a l  s t r u c t u r a l  damage shou ld  be  a p p l i e d  u n t i l  t h e  pa ramete r s  of  
a l l  such  v a r i a b l e s  a r e  known. Use of t h e  thres ,hold  o f  p e r c e p t i b l e  
ground mot ion f o r  t h e  l i m i t s  of bo th  s t r u c t u r a l  damage and p e r s o n n e l  
e v a c u a t i o n  s t i l l  a p p e a r s  j u s t i f i e d .  However, a  t h r e s h o l d  v a l u e  of 
0.005 g  f o r  t h e  h i g h e s t  p r e d i c t a b l e  y i e l d  probably  would b e  more 
a p p r o p r i a t e ,  c o n s i d e r i n g  the  m u l t i t u d e  of unknown f a c t o r s .  

* 
f. . h.. 

Actua l  mine dzmage was exper ienced  from ground n o t i o n s  o f  abou t  I 

0.04 t o  0.007 g ,  a t  d i s t a n c e s  of 27 and 32 m i l e s  r e s p e c t i v e l y  from 
SGZ. On t h i s  b a s i s ,  i t  could  be reasoned t h a t  the y i e l d  o f  t h e  R u l i s o n  
n u c l e a r  d e v i c e  on September 1 0 t h  a l r e a d y  was t o o  g r e a t .  Damages i n  the  
r ange  of t h o s e  d i s c u s s e d  h e r e  c e r t a i n l y  cou ld  b e  expec ted  from any 
f u t u r e  s h o t s  of  t h e  same y i e l d .  The cumula t ive  e f f e c t ,  of a mu1 t i t u d e  
of s h o t s  i n  t h i s  r a n g e  a l s o  may i n c r e a s e  t h e  o v e r a l l  damage p o t e n t i e l .  

There  i s  no doubt.  t h a t  f u t u r e  s h o t s  o f  g r e a t e r  y i e l d  would en- 
l a r g e  t h e  r a d i u s  of mine damage, pe rhaps  s i g n i f i c a n t l y .  I t  a l s o  i s  
q u i t e  l i k e l y  t h a t  some o f  t h e  c l o s e r  mines which s u r v i v e d  t h e  i n i t i a l  
sb t  unharmed would b e g i n  t o  show s t r u c t u r a l  damage. k-c tual ly  , some of 
t h e s e  . c l o s e r  mines were b e l i e v e d  on t h e  b r i n k  of  damage from t h e  i n i t i a l  
s h o t ,  and i t  i s  p o s s i b l e  t h a t  . n o t  a l l  o f  t h e  s t r u c t u r a l  damage from t h e  
i n i t i a l  s h o t  was immediately e v i d e n t .  Such e f f e c t s  as hidden f r a c t u r e s  
and s t r a t a  s e p a r a t i o n s  may n o t  show up f o r  long p e r i o d s .  

N a t u r a l  gas and atomic ene rgy  a r e  t h e  p r i n c i p a l  c o m p e t i t o r s  o f  
c o a l  i n  t h e  t o t a l  energy f i e l d .  Even i f  i t  were n o t  t h e i r  own mines 
t h a t  were b e i n g  shaken u p ,  o p p o s i t i o n  from t h e  c o a l  mine . o p e r a t o r s  and 
un ions  would b e  expec ted  t o  i n c r e a s e  i n  p r o p o r t i o n  t o  t h e  number and 
s i z e  of t h e  n u c l e a r  expl .osions t h a t  a r e  a t t empted .  



A P P E N D I X  



EFFECTS OF RULISON EVENT ON.  MIh'ES I N  VICINITY 

Miles and 
d i r e c t i o n  Mine General Features  Ground Observed o r  reported . 
from SGZ Motion damagelother comments 

9 N MOBlL o i l  s h a l e  Experimental roomand-p i l l a r  Strong No damage t o  mine. Surface e i f e c t s  same 
mining (1964-68). High, -wide a s  USBM mine below. 
rooms wi th  poor t o  f a i r  roof .  

1 0  N .USBM o i l  s h a l e  Experimental room-and-pillar s trong No damage t o  mine. Rock s l i d e  and slump 
mining (1945-56). High, wide cracks  on access road. Small rocks drop-. 
rooms with poor t o  f a i r  roof .  ped from c l i f f  above mine yard. s l i d e  . 

rais.ed d u s t  e a s t  of mine. 

15 NMJ UNION o i l  s h a l e  Experimental room-and-pillar Moderate No damage t o  mine. Small rock f a l l s  
mining (1956-59). High, wide t o  s t rong  along access  road. 
rooms with f a i r  t o  good roof ,  

17 NNW 
t 

COLONY o i l  sha le  Experimental room-and-pillar Moderate No damage t o  mine. Small s l i d e  on mine 
mining (1964-68). High, wide t o  s t rong  road. Roclcs f e l l  from canyon wal ls  and 
rooms with f a i r  t o  good roof ,  dus t  r a i s e d .  Autos rocked. 

20 NE NU-GAP coa l  Small t ruck mine being de- Moderate No damage t o  mine. Chunk of coa l  dropped 
veloped from outcrop of from roof .  Loose s o i l  r a n  down surface  
s t e e p l y  p i t ch ing  coa l  seam c u t  a t  p o r t a l .  Power cab les  swayed. 
i n  Grand Hogback. 

23 NE RIFLE vanadium Open room- and- p i l l a r  re  t r e a t  Moderate No damage t o  mine. No inc'rease i n  radio- 
.mining (pu l l ing  p i l l a r s )  i n  a c t i v i t y  . Ex tensome t e r s  showed no pepan-  
p i t ch ing  massive sandstone. e n t  s t r a t a  sepa ra t ion .  Power cables  swayed 



EFFECTS OF RULISON EVENT ON MINES I N  V I C I N I T Y  

Miles and 
d i r e c t i o n  Mine General Features  Ground Observed o r  repor ted  
from SGZ Motion damagelother comments . 

27 SW CAMEO c o a l  Open room-and-pillar mining . Moderate Small roof f a l l  with s t r a t a  separa t ion ,  
i n  f l a t l y - p i t c h i n g  seam with t o  s t rong  damaged timber s e t s ,  and extens ive  crack- 
genera l ly  poor t o  bad roof .  ing of caprock. New workings near  su r face  
New workings under shallow showed most damage. 
cover,  near 'outcrop . 

27 SW ROADSIDE coa l  Mining same seam as  Cameo Moderate . No damage .except  f o r  toppled. timber prop 
bu t  with l e s s  cover and t o  s t rong  ' i n  main en t ry .  Large rim-rock boulder 
b e t t e r  roof .  A i r  i n t ake  and repor ted ly  dislodged southwest of mine. 
r e t u r n  baaly  de te r io ra ted .  

29 SW COAL CANYON - Auger .mining i n  coa l  outcrop --.. Not inspected and no r e p o r t  as mine closet 
s t r i p  below high bank with loose  and road washed ou t  p r i o r  t o  event  time. 

rock above. . 4 

32' S RED CANON coa l  Small t ruck mine i n  p i t ch ing  S l i g h t  Smal l  roof f a l l s  aggregating about 112 ' 

seam with f a i r l y  s t a b l e  roof .  c u . ' y d .  i n  4 a reas  of mine. Loose . t i n  on 
P o r t a l  and . t ipp le  sound.. roof of t i p p l e  r a t t l e d .  

3 2  S GREEN VALLEY Small t ruck mine i n  p i t ch ing  Not per- No damage t o  mine o r  su r face  plant.. : 
c o a l  seam with only f a i r  roof .  c e p t i b l e  . . . . 

P o r t a l  sound. 

3 3 s  . TOPcoal  Small t ruck mine i n  p i t ch ing  Not per- No damage t o  mine o r  s u r f a c e  p lan t .  Table 
seam with f a i r  t o  good'roof.  c e p t i b l e  i n  nearby home r a t t l e d .  
P o r t a l  sound. 

' . 



EFFECTS OF RULISON EVENT ON N I N E S  I N  V I C I N I T Y  

., - Miles and .. 
dire-dt ion Mine General Features Ground Observed o r  reported 
from SGZ Motion . . damage/other comments . 

34 wsw 

35 ESE 

MCGINLEY coa l  small  t ruck mine i n  narrow Not per- No damage t o  mine o r  s u r f a c e  f a c i l i t i e s .  
canyon with loose  rim-rocks. c e p t i b l e  Barely pe rcep t ib le  a t  home i n  F r u i t a .  

FOUR-MILE coa l  Small t ruck mine i n  s teeply-  --- No r e p o r t .  
p i t ch ing  seam i n  hogback. 
P o r t a l  sound . 

DUTCH CREEK Two l a r g e  adjo in ing mines on Not Per- N o  damage t o  mine and no excessive gas , 

coa l  p i t c h i n g  seam--both extremely c e p t i b l e  r e l eased .  
gassy and s u b j e c t  t o  ground 
"bumpsI1. 

35 ENE BASIC CHEMICAL Small l imestone quarry worked --- No repor t .  Barely pe rcep t ib le  i n  Glen- 
1 ime i n  summer season with c o n t r a c t  wood Springs.,  Some c a r s  rocked. 

crew. 

35 ENE % GLEhVOOD lime Small l imes tone quarry  worked --- No r e p o r t .  Barely pe rcep t ib le  i n  Glen-. '  
i n  summer season with c o n t r a c t  wood Springs.  Some c a r s  rocked. 
crew. 

40 SE K I N G  c o a l  

b .  

Gassy mine on f l a t l y - p i t c h i n g  Barely No damage i n  mine. Surface t i p p l e  r a t t l e d .  
seam with poor roof .  P o r t a l  percept  . , 
and t i p p l e  sound. 

Large s lope  mine on 2 seams, Barely No damage t o  mine o r  p l a n t .  Coin balanced 
40 f t .  apart--both gassy with percept .  on mine r a i l  not  d is turbed.  
bad roof .  



EFFECTS OF RULISON EVENT. ON MINES I N  ,VICIMTY 1: 

\ -  
Miles and I 

d i r e c t i o n  Mine General Features Ground Observed o r  repor ted  
from SGZ 

. 
Motion damage/other comments 

<- 
42 SE BEAR coa l  Medium-size gassy d r i f t  Barely No damage t o  mine, 

I' mine with poor roof ,  sound percept  . 
p o r t a l  . 

1' 43 SE BLACK BEAUTY small  s lope  mine. Flimsy Not per- No damage t o  mine and no rock f a l l s  from 
coa l  t i p p l e  on s t e e p  s lope  with c e p t i b l e  s l o p e  above t i p p l e .  

loose  rocks.  
/ .  

1' , 4 3  SE HAWK'S NEST coa l  Small mine on f l a t l y - p i t c h i n g  Not per- No damage t o  mine. No rock dus t  shaken ont 
I seam with average roof .  Old bu t  c e p t i b l e  previous ly  cleaned conveyor b e l t  i n  main 
I 

I sound t i p p l e  on s lope  with en t ry .  Table i n  nearby home r a t t l e d  s l i g h t  
loose  rocks.  1~ 

' 49 N RINEAU c o a l  small  d r i f t  mine with average Not per- No mine damage and no rock f a l l s  on surfac  

I 
r o o f ,  sound p o r t a l  and t ipp le .  c e p t i b l e  B o t t l e s  r a t t l e d  i n  Meeker Hotel.  

64 hW WHITE RIVER c o a l  Small s lope  mine with average Not per- No damage t o  mine. Some persons i n  Rangely 
1 r o o f ,  some 5 miles SE of Rangely. c e p t i b l e  r epor ted ly  f e l t  tremor. 

I 7 9  E BUS K- IVANHOE 9400- f t bore through g r a n i t e  Not per- Major cave-in repor ted ,  b u t  not  substan- 
water  tunnel  co re  of Continental  Divide west c e p t i b l e  t i a t e d ,  a s  r e s u l t i n g  from Rulison event. 

I of Leadvi l le .  

1 93 SE CARTER gold Several  old contiguous mines Not per- Caved a d i t  p o r t a l s  and l e v e l  d r i f t s  re- 
i n  Gold Brick D i s t r i c t  ENE of c e p t i b l e  por ted ,  but  not  subs tan t i a t ed ,as  caused by 
Gunnison. event  . 

1 



EFFECTS OF RULISON EVENT ON MINES IN VICINITY - 1  
' Miles and 

d i r e c t i o n  Mine General Fea tu re s  Ground Observed or r e p o r t e d  . 
f r ~ m  SGZ Motion damage/other comments 

. 

102 SSE MON'E QVEEN Mine, about 1 mile S of Bare ly  25 tons  rock  r epo r t ed  d i s lodged  from 
s i lver  Lake C i t y ,  r epo r t ed  on pe rcep t .  working face dur ing  event  t ime. Not 

"ac t ive"  f a u l t -  f i s s u r e  i n  i n v e s t i g a t e d ,  b u t  cos ide red  u n l i k e l y  
Eureka r h y o l i t e .  on b a s i s  of i n s u f f i c i e n t  ground motion. 

. . 



Mobil oil shale mine - B 
Pre- .and post shot photos ' . , . $2 

Ez 

Portal of adit 
to Mobil mine 
8/27/69 

Portal of adit 
to h l o b i l  mine 
9/15/69 



USBM o i l  shale mine . hJ. 
Pre- and ~ o s t - s h o t  photos 

-- 

Mine yard around o l d  office and shop buildings 
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. . . . . .  USBM oil shale mine ... . . .  . . . . . . . 2 . . . . . . . . . . - . . - . . . - . . . .  . . . . . . . . . .  

. . I -  . .  
Pre- and post-shot photos. *. I' 

. . .  \ ' .  . . 

. . . .  . 8 / 2 7 / 6 9 .  8 / ; 7 / 6 9  
, -. -- 

Fractured corners of 30-ft  pil lars midway along Able haulageway 



USBM oil shale mine 
Pre- and ~ O S  t-shot photo<- 1. 

Rocks hanging from r o o f  b o l t s  at  
edge  o f  second major roof -  f a l l  area 



Union oil shale mine, 
Pre- - and p o s t - s h o t  photos  . '  

Roof o f  haulage  a d i t  

8 /28 /69  . 

P o r t a l  of  h a u l a g e  a d i t  



. . . .  ., ..*. '-\'. .>.. .. ..#. - ',..<. . . . . . .  . . . . 
. . .  . .  . . .--. \ - _ _  _ . : .  .>p:;-:;; :- - , + ,  " ,~;;;,;',:::'-. ,-  ,, : '.., . .::: - . '. . . . 
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Walls of 30 - f t .  p i l l z r  a t  end of haulage  a d i t  



. . 
Colony. o i l  sha le  mine 
Pre- and pos t - shot  photos - I( 

8/.28/69 9/17/69 

Vertical cut i n  o i l  shale s t r a t a  above a d i t  portal 



8/21/69 

Intersect ion  of Adit and Room 1 



- ..: -- - .< .>++-.+:..s. *.,A' . . . . . .  z. ,;,> .yr,.. &II$<X t.:c-<:.=; ; - .  - . .  . . ........ .. . . . . _ . .  . . ..;- ... x: : .-,, :: "::?-..-. . . . .  . . ,..._. . . . . ' . colony oil shale mine . . . . . .  
. . 

. . . . .  . . .  . . . .  : .  . . . '  pre- and post-shot photos F. h . . . . . .  . . . . . .  

. Room 4 ( 5 2 ' ~  by 60'~) 
Pillar 3/4 (60'~) 



colony oil shale  mine 
-. Pre-. and p o s t  sho t  photos 

' 8 / . 2 1 / 6 9  

Base P i l l a r  2/3 



.-. Nu-Gap coal mine 
Pre- ' and pas t-sho t photos 

portal'  o f  slope entry in steeply-pitchinp coal s'eam. 

- . - . - - - - . - ...-. - .-, , --- --. r.. . - .:- -.-- .- .- - -  .-. .-- .-. ,. --..- -. .- .....-- .--.,..:..----. - - .----  .-.- 
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Pillar.on A level between 
hoi s t  statcon and inclined shaft  

Rifle vanadium mine. 
P s e -  end post-shot 



Rifle vanadiummin= 
m 

. - r;- 
Pre-and pos t-sho t pho ios. L 

Back and p i l l a r  midway down o l d  incline from A level 

Fractured sandstone above timber s e t  on A l e v e l ,  outbv 54 drzw 



P o r t a l  o f  m a i n  haulage 
entry 

w -..1 . . . . _ _.-_ _ _ . _ _ _  . _ . . -. _ _. . . _ .. . _ Cameo c o a l  mine . .~ . -  - . . ...- .. . 3 . . . ,  . 
- *  e 

- .  

- 

9/11/69 

-. 

. . . -. . -- - . . . .  

- 

Caved cap rock around 
A. 

,=2+ -- 
. . - ,  G..~~: 

r o o f  b o l t s  in No.  11 
room, 2nd East, a t  
breaker  r o w  

- . 

s .  
1 .  - . -  - .  . .. .,: : .  - - - ..- - - - - - - . ' - L  A- i. - .  - i - - 4 . - - .  - - . . 

. . 



. . 
. . . . . . . . . . . . . . . .  . . - 

.-i- :- ..... .. .__ _ --. - r - . .  - ;. ............ - .  . . . Cameo coal m i n e  . . . . . . . . . . . . .  

. . . . 

Caved roof of 3rd West 
haulage entry 



Cameo coal mine 
- .  1 1 .  Pre- and post-shot. photos . 

Timber crib in caved section of 
surface alluvium in No. 2 Outside entry 

Cav rock and tov coal seoaration above 
timber supports in No. 1 Southwest entry 



Portal and portal timber 
sets of main haulage 
entry 



Roadside coal mlne 
'Pre- and post-shot photos . '  

Toppled post  and f a l l e n  
cap p iece  i n  main 
haulage entry - 9/11/69 

8/29/69 9/11/69 

Caved s e c t i o n  of main haulage entry 



.. -. . . -  . . .. . 

Recently caved material (under s ign)  in  a i r  intake 
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